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(54) STEERING DEVICE FOR VEHICLE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a steering 
device for a vehicle capable of preventing a reduction of 
steering performance without imparting a sense of 
incompatibility to a driver when an upper limit value of 
an output of a steering actuator is restricted in order to 
prevent an excessive loading in a vehicle adopting a 
steer-by-wire system. 

SOLUTION: A steering angle is varied corresponding to a 
motion of the steering actuator 2 driven in responsive to 
a rotation of an operation member 1 without 
mechanically connecting the operation member 1 to 
wheels 4. A degree of generated reflection force of an 
operation actuator 19 for acting to a direction returning 
the operation member 1 to a straight advancement 
position is made large when a restriction degree of the 
output of the steering actuator 2 according to a 
restriction condition previously set becomes large. 
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JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Without connecting the operating member with an operating member and the actuator 
for steering driven according to the revolution of the operating member mechanically at a wheel, 
so that a rudder angle may change according to a motion of the actuator for steering The device 
in which the motion is transmitted to a wheel, and a means to restrict the upper limit of the 
output of the actuator for steering according to the restriction set up beforehand, The actuator 
for actuation which can generate the reaction force which acts in the direction which returns the 
operating member to a rectilinear-propagation location, Based on a means to memorize the 
response relation defined beforehand and its response relation between limit extent and the 
magnitude of reaction force of the upper limit of the output of the actuator for steering, so that 
the magnitude of reaction force may change according to the limit extent The power steering 
system of a car equipped with a means to control the actuator for actuation. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the power steering system of the car which 

adopted the so-called steer BAIWAIYA system. 

[0002] 

[Description of the Prior Art] In the car which adopted the steer BAIWAIYA system, the motion 
of the actuator for steering driven according to the revolution of the operating member is 
delivered that a rudder angle changes according to the motion to the wheel, without connecting 
with a wheel mechanically the operating member which imitated the steering wheel. Therefore, 
the steering resistance or the self-aligning torque based on friction between a wheel and a road 
surface are not transmitted to the operating member. 

[0003] Then, by forming the actuator for actuation on which the reaction force of the direction 
which returns the operating member to a rectilinear-propagation location is made to act, like the 
usual car with which the steering wheel was mechanically connected with the wheel, a steering 
feeling is given to a driver and the operating member is returned to the rectilinear-propagation 
location. 
[0004] 

[Problem(s) to be Solved by the Invention] In the car which adopted the steer BAIWAIYA 
system, when setting, performing end steering continuously or performing slalom transit and 
sudden steering frequently, the load of the actuator for steering increases and the calorific value 
of electronic parts, such as a switching element for power control of the actuator for steering, 
increases. Then, like the cure against overload protection of the motor for steering auxiliary 
force generating in the electric power-steering equipment of the usual car, if the variate 
corresponding to loads, such as continuation actuation time amount of the actuator for steering 
and an integrated value of an energization current, results in the set point, it is possible to 
restrict the upper limit of the output of the actuator for steering. 

[0005] However, in the car which adopted the steer BAIWAIYA system, even if it restricts the 
output of the actuator for steering for overload protection, since the wheel and the operating 
member are not connected mechanically, actuation of an operating member is not restricted. 
Therefore, the responsibility of rudder angle change of the car to actuation of an operating 
member falls, smooth steering cannot be performed but the controllability ability of a car falls. 
Moreover, since it is difficult for a driver to grasp the load limitation of the actuator for steering 
which is the cause of lowering of the responsibility, a driver senses sense of incongruity. 
[0006] 

[Means for Solving the Problem] The actuator for steering which drives the power steering 
system of the car of this invention according to the revolution of an operating member and its 
operating member, Without connecting the operating member with a wheel mechanically, so that 
a rudder angle may change according to a motion of the actuator for steering The device in 
which the motion is transmitted to a wheel, and a means to restrict the upper limit of the output 
of the actuator for steering according to the restriction set up beforehand, The actuator for 
actuation which can generate the reaction force which acts in the direction which returns the 
operating member to a rectilinear-propagation location, It has a means to memorize the 
response relation as which it was beforehand determined between limit extent and the magnitude 
of reaction force of the upper limit of the output of the actuator for steering, and a means to 
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control the actuator for actuation so that the magnitude of reaction force changes according to 
the limit extent based on the response relation. Since according to the configuration of this 
invention the generating reaction force of the actuator for actuation becomes large when the 
upper limit of the output of the actuator for steering is restricted for overload protection, it can 
prevent that the responsibility of rudder angle change of the wheel to actuation of an operating 
member falls. 
[0007] 

[Embodiment of the Invention] The operating member 1 in which the power steering system of 
the car shown in drawing 1 imitated the steering wheel, Without connecting the operating 
member 1 with the actuator 2 for steering driven according to the revolution of the operating 
member 1 mechanically at a wheel 4, so that a rudder angle may change according to a motion of 
the actuator 2 for steering It has the steering gear 3 which transmit the motion to a wheel 4, and 
the actuator 19 for actuation which can generate the reaction force which acts in the direction 
which returns the operating member 1 to a rectilinear-propagation location. 

[0008] Electric motors, such as a well-known brushless motor, can constitute the actuator 2 for 
steering, for example. The steering gear 3 are constituted by motion translators, such as for 
example, a ball screw device in which rotation of the power shaft of the actuator 2 for steering is 
changed into the rectilinear motion of the steering rod 7. A motion of the steering rod 7 is 
transmitted to a wheel 4 through a tie rod 8 and a steering knuckle arm 9, and the toe angle of 
the wheel 4 changes. A well-known thing can be used for the steering gear 3, and a configuration 
will not be limited if a motion of the actuator 2 for steering can be delivered that a rudder angle 
changes to a wheel 4. In addition, in the condition that the actuator 2 for steering is not driving, 
the wheel alignment is set up so that a wheel 4 can return to a rectilinear-propagation location 
by the self-aligning torque. 

[0009] The operating member 1 is connected with the revolution shaft 10 supported by the car- 
body side pivotable. The power shaft of the actuator 19 for actuation is united with the 
revolution shaft 10. Electric motors, such as a brushless motor, can constitute the actuator 19 
for actuation. 

[0010] As a means to calculate the rotation from the rectilinear-propagation location of the 
operating member 1, the angle sensor 11 which detects angle-of-rotation deltah from the 
rectilinear-propagation location of the operating member 1 is formed. The rudder angle sensor 13 
constituted as a means to detect the rudder angle delta of a car by the potentiometer which 
detects the travel of the steering rod 7 is formed. The rate sensor 14 which detects the vehicle 
speed V is formed. The angle sensor 11, the rudder angle sensor 13, and the rate sensor 14 are 
connected to the control unit 20 constituted by computer. Moreover, the current detection 
sensor 25 which detects the current value of the actuator 2 for steering, and the current 
detection sensor 26 which detects the current value of the actuator 1 9 for actuation are 
connected to the control device 20. 

[0011] The control device 20 controls the actuator 2 for steering through the actuation circuit 
22. For example, the relation between angle-of-rotation deltah of the operating member 1, and 
the vehicle speed V and a target rudder angle is defined beforehand, and is memorized, and the 
driving signal of the actuator 2 for steering is outputted through the actuation circuit 22 so that 
the deflection of the target rudder angle and the detected rudder angle delta may be lost. The 
relation between the angle-of-rotation deltah, and the vehicle speed V and a target rudder angle 
can plan improvement in the turnability in a low speed, and transit stability in a high speed by 
making small the target rudder angle corresponding to angle-of-rotation deltah, so that the 
vehicle speed V becomes large. In addition, especially the control approach of such an actuator 2 
for steering is not limited. That what is necessary is just what the actuator 2 for steering drives 
according to the revolution of an operating member 1 For example, the yaw rate sensor of a car 
may be prepared, the relation between angle-of-rotation deltah of an operating member 1 and a 
target yaw rate may be defined beforehand, and may be memorized, and the driving signal of the 
actuator 2 for steering may be outputted through the actuation circuit 22 so that the deflection 
of a detection yaw rate and a target yaw rate may be lost 

[0012] The control device 20 memorizes the restriction which the upper limit of the output of 
the actuator 2 for steering set up beforehand, and restricts the upper limit of the output of the 
actuator 2 for steering according to the restriction. The restriction shall be satisfied if the 
variate corresponding to the load of the actuator 2 for steering results in the set point With this 
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operation gestalt, a control unit 20 calculates the integrated value of the energization current of 
the actuator 2 for steering based on the detection value of the current detection sensor 25 as a 
variate corresponding to the load. As shown in drawing 2 , when a restriction is satisfied very 
"much "by~tfie~'lst set point e whichfthe integrated value defined beforehand, reducing the upper 
limit of the indicator current corresponding to the output of the actuator 2 for steering from 
Maximum Imax to the minimum value Imin is started, and the relation of the upper limit and 
integrated value is memorized by the control unit 20. When the integrated value results in the 
2nd set point f defined beforehand, the upper limit shall be the minimum value Imin. 
[0013] The control unit 20 memorizes the relation shown in drawing 3 as response relation as 
which it was beforehand determined between angle-of-rotation deltah from the car rectilinear- 
propagation location of an operating member 1, and the magnitude of reaction force. The drawing 
3 is target current I* of the actuator 19 for actuation corresponding to the angle-of-rotation 
deltah and reaction force. An example of relation is shown. Angle-of-rotation deltah and target 
current I* When an operating member 1 is located in the method of left [ location / rectilinear 
propagation ] Uichi, forward, When located in right-and-left another side, in order to consider as 
negative and to secure the play of an operating member 1 [ near the rectilinear-propagation 
location ], the magnitude of angle-of-rotation deltah is target current I* below in the set point 
(the example of a graphic display 10 degrees). It is made zero. When the set point is exceeded, it 
is target current I* to the change in the magnitude of angle-of-rotation deltah. It shall fluctuate 
proportionally. The angle-of-rotation deltah and target current I* which were memorized By 
controlling the actuator 19 for actuation by the control device 20 based on the response relation 
of a between, the reaction force corresponding to angle-of-rotation deltah for which it asked 
occurs. 

[0014] The control device 20 memorizes the response relation as which it was beforehand 
determined between limit extent of the upper limit of the output of the actuator 2 for steering, 
and the magnitude of the reaction force generated with the above-mentioned actuator 19 for 
actuation, and based on the response relation, it controls the actuator 19 for actuation so that 
the magnitude of reaction force changes according to the limit extent. For example, the 
condition, i.e., the upper limit, that the output of the actuator 2 for steering is not restricted is 
Maximum Imax, and according to the relation shown as a continuous line E in drawing 3 , the 
reaction force according to angle-of-rotation deltah occurs until the integrated value of the 
energization current of the actuator 2 for steering results in the 1st set point e in drawing 2 . 
Moreover, the integrated value of the energization current of the actuator 2 for steering results 
in the 2nd set point f, and when the upper limit is the minimum value Imin According to the 
relation shown with a two-dot chain line F in drawing 3 , the reaction force according to angle- 
of-rotation deltah occurs. When it is a value in the middle of making it increase from the middle 
of the upper limit decreasing from Maximum Imax to the minimum value Imin, or the minimum 
value Imin to Maximum Imax According to the relation shown with an alternate long and short 
dash line G in drawing 3 defined according to the value, the reaction force according to angle- 
of-rotation deltah shall be generated. Target current I* to angle-of-rotation deltah of an 
operating member 1, so that limit extent of the upper limit of the indicator current corresponding 
to the output of the actuator 2 for steering by this is large An increment rate becomes large and 
reaction force is enlarged. Namely, angle-of-rotation deltah of an operating member 1 and target 
current I* of the actuator 1 9 for actuation according to a upper limit A control unit 20 
memorizes the relation of a between. 

[0015] The control procedure of the actuator 19 for actuation by the above-mentioned control 
device 20 is explained with reference to the flow chart of drawing 4 . First, target current I* of 
the actuator 19 for actuation corresponding to [ read angle-of-rotation deltah of an operating 
member 1, and the value of the energization current I of the actuator 19 for actuation detected 
by the current detection sensor 26 (step 101), and ] the angle-of-rotation deltah and the upper 
limit of the indicator current of the actuator 2 for steering Target current I* according to the 
angle-of-rotation deltah and upper limit It calculates based on the relation which between 
memorized (step 102). The target current I* The driving signal of the actuator 19 for actuation is 
outputted through the actuation circuit 23 so that deflection with the energization current I of 
the actuator 19 for actuation may be lost (step 103), and it returns to step 101. 
[0016] According to the above-mentioned configuration, when the upper limit of the output of 
the actuator 2 for steering is restricted for overload protection, the generating reaction force of 
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the actuator 19 for actuation becomes large. Moreover, the generating reaction force of the 
actuator 19 for actuation becomes large, so that the upper limit of the output of the actuator 2 
for steering is restricted. Thereby, when the upper limit of the output of the actuator 2 for 
steering is restricted, it can prevent that the responsibility of the rudder angle change to 
actuation of an operating member 1 falls. 

[0017] This invention is not limited to the above-mentioned operation gestalt. For example, the 
magnitude of reaction force may not be limited to what changes according to angle of rotation of 
an operating member, you may change according to other service conditions of the rotational 
speed and roll acceleration of an operating member, and the reaction force may be fixed. 
Furthermore, it is made to make the return resistance force which acts on the direction which 
returns not only reaction force but an operating member to a rectilinear-propagation location 
with the actuator for actuation, and an opposite direction act, and the magnitude of the return 
resistance force may be made equivalent to limit extent of the upper limit of the output of the 
actuator for steering, and may be changed. Moreover, it may be made for the restriction of the 
upper limit of the output of the actuator for steering to reduce the upper limit by whenever 
[ undermoderation / which was set up that what is necessary is just what is set to be able to 
prevent the overload of the actuator for steering when the continuation actuation time amount 
of the actuator for steering became the set point ], and you may make it ease a restriction, so 
that the ambient temperature of the actuator for steering detected with the temperature sensor 
is low. 
[0018] 

[Effect of the Invention] When restricting the upper limit of the output of the actuator for 
steering in the car which adopted the steer BAIWAIYA system for overload protection according 
to this invention, the power steering system of the car which can prevent that controllability 
ability falls can be offered without a driver sensing sense of incongruity. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The configuration explanatory view of the power steering system of the car of the 
operation gestalt of this invention 

[Drawing 2] Drawing showing an example of the relation of the energization current integrated 
value of the actuator for steering and indicator current upper limit in the power steering system 
of the car of the operation gestalt of this invention 

[Drawing 3] Drawing showing an example of the relation of the angle of rotation of an operating 
member and the target current of the actuator for actuation in the power steering system of the 
car of the operation gestalt of this invention 

[Drawing 4] The flow chart which shows the control procedure of the actuator for actuation in 
the power steering system of the car of the operation gestalt of this invention 
[Description of Notations] 

1 Operating Member 

2 Actuator for Steering 

3 Steering Gear 

4 Wheel 

1 9 Actuator for Actuation 

20 Control Unit 
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